Clays are seminal to human civilization, and it is even speculated upon that they may have acted as vectors to the formation of complex molecules in soil thus allowing 15 development of biological life. 1 But beyond their known use in pottery, clay materials play an important role in industrial processes, and more recently they have emerged as promising high-tech nanomaterials for drug delivery, catalyst and catalyst supports, soil and waste-water purification, and as 20 additives to polymeric materials to tune their physical properties. [2] [3] [4] [5] [6] Laponite nanomaterial that constitutes the main subject of study in the present communication is synthetic smectite clay with the general formula Na , consists of parallel sheets of tetrahedrally coordinated silica and octahedrally coordinated magnesium oxide sandwiched between them. 7 A fraction of divalent magnesium is substituted by monovalent Li which results in a net negative 30 charge on the surface; sodium ions in the interlayer structure compensate the negative charge and ensure electrostatic cohesion of the layered structure. Laponite is available as nanosized particles in nearly monodisperse quality (Laponite RD®). The cylindrical nanoparticles resemble flat coins with 35 a diameter of approximately 25 nm and 1 nm thickness (see Fig. ESI 1) . Laponite is easily modified by intercalating molecules such as silanes to generate additional properties such as hydrophobicity and affinity for adsorbents; eventually the intercalated molecules can expand the layered structure to 40 such a degree that exfoliation occurs (separation of the individual layers) subsequently yielding functionalized leaflets with high surface area. 8 Clay materials have been considered in few publications as supports for carbon nanomaterials, including graphene, for 45 energy storage applications, but have not been considered before as the acitive electrode materials for electrochemical double layer capacitors. 9 We will show in the course of this communication that Laponite and more generally smectite clays can yield highly cost-effective, low carbon foot-print 50 supercapacitor electrodes. The specific capacitance of these Laponite film electrodes may even be further boosted by intercalating some organo-silanes, exemplary shown on Trihydroxysilylpropyl-methylphosphonate, to yield Laponiteorganosilane-nanocomposites. 55 Two sample series were fabricated via dip coating of Auterminated silicon substrates. The first series consisted of pure Laponite films, the second of LaponiteTrihydroxysilylpropyl-methylphosphonate nanocomposite.
High-resolution scanning electron microscopy images show 60 for both sample series nanocrystalline films with typical particle sizes in the range from 30 to 80 nm for the Laponite film, Fig. 1a , and a rather finer structure for the nanocomposite film (Fig. ESI 3) . The cross section micrograph displayed in Figure 1b well-known T-type, or edge-to-face bonds as it arises from the electrostatic interaction between the positively charged particle rim and the negatively charged surface; the scanning The XRD patterns of the Laponite and nanocomposite films 45 differ from those of the corresponding powder. In particular, significant differences are noticed for the 001 reflection that is better defined for the Laponite films. The full width at halfmaximum (FWHM) of the 001 peak is 4.29° for the Laponite powder and decreases to 3.29° for the Laponite film. This 50 means that the (001) plane of the particle sheets is perpendicular to the substrate. Moreover, the peak positions of the nanocomposite film shifts to lower Bragg angles. More particularly, the 001 peak (2Θ = 5.5-7°), corresponding to the lattice spacing along the (001) plane, d 001 , of the silicate layer 55 in Laponite is shifted from 2Θ = 6.33° (Laponite powder) to 2Θ = 5.78° (nanocomposite film).
12 Using the Bragg's equation, the corresponding increase in the d 001 is 1.41 nm for the Laponite film to 1.53nm in the nanocomposite sample, suggesting that some of the phosphonate organosilane is 60 intercalated between the Laponite layers of (see Fig.ESI 2) . Additional information about the structure of the synthesized Laponite-Phosphonate nanocomposite were obtained from Raman and FT-IR spectroscopy and are described in the supplementary on-line information ( Figure ESI 5 and 6 ).
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Based on the XRD data and the Raman spectra we may state that a fraction of the organosilane is intercalated into the Laponite layer, probably following the mechanism reported by Herrera et al. 13 who suggest that for trifunctional silanes the intercalation of polysiloxane oligomers may start by grafting 70 at the edge of Laponite and, depending on concentration, penetrates the interior of the particles thus increasing the interlamellar spacing. The mesoporous nature of the Laponite films depicted above implies a high active surface area that, coupled with low cost 75 and easy processing, would be ideal for a double layer capacitor. This constituted the main drive to investigate the capacitive performance of the Laponite and nanocomposite film electrodes. The ectrochemical properties were tested using cyclic voltammetry (CV) measurements in 1M aqueous 80 KCl electrolyte and a potential window from 0 of 1000 mV at various scan rates (1, 5, 10, 25, 50, and 100 mV/s). The CV behavior of the nanocomposite film electrode stabilizes after 50 cycles, and the CV curves shown in Fig. 4 have nearly rectangular shape that indicates a good double-layer 85 capacitive behavior under the measured scan rates, and quick dynamics of charge propagation (for the plain film see Figure  ESI7 ). The specific capacitance is calculated from the CVs using Equation (1) 14 :
where C/m is the specific capacitance (F/g), I the integrated area (VA) of the CV curve in one complete cycle, V the potential window (V), S the scan rate (V/s), and m the mass (g) of the film. It should be pointed out that the mass of the 95 film is estimated from the cross-section thickness of the film, the area of the electrode and the theoretical density of laponite, omitting porosity. All the values calculated for the specific capacitances are therefore underestimated. Charging-discharging experiments were conducted at constant 100 current density, and the dependence of the specific capacitance on the scan rate is depicted in Fig. 4b that shows the well-known downward trend with increasing scan rate. At 1mVs −1 , the specific capacitance obtained for the nanocomposite film is 135F/g that is 55% higher than the 105 87F/g of the plain Laponite film. These values compare well with the range of values reported for carbon-based materials, including carbon nanotubes. 15, 16 For practical applications, the galvanostatic chargingdischarging behavior is more appropriate to describe the 110 performance of the electrode. The charging-discharging curves at constant current densities, in the potential window from 0 to 0.6 V, are triangular in shape with nearly linear charging-discharging that is characteristic for double layer capacitors, and denotes good charge-discharge reversibility 115 and nearly ideal capacitive behavior ( Figure ESI8 ). The specific capacitance can then be obtained from the slope of the charge-discharge curve according to Equation 2:
where I is the applied current (A), ∆t the discharge time (s) and ∆V the potential window. Fig. 4c shows that the specific capacitance is almost constant for all the current densities investigated, with a mean value of 80 for the plain Laponite and 120 F/g for the nanocomposite film. The long term 10 behavior was investigated at 5A/g for 500 cycles without noticeable change in the specific capacitance, Fig. 4d . Finally the mechanism of charge storage is briefly discussed. For thin film fabrication, Laponite particles are first dissolved in water that lead to release of Na + ions and negative charging of the particle faces. This charge is balanced to some degree, depending on pH, by hydroxyl ion 25 protonation that results in a net positive charge on particle rim.
15 Particle self-assembly in the film is via multi-site Ttype interactions (fedge-to-face attractive interactions, faceto-face repulsive interactiosn) as unambiguously shown by the STEM micrographs depicted in Figure 1c present work compare well with those known for double layer capacitors based on graphite with good conductivity. With respect to conductivity of laponite we may refer to few published work on the matter which shows that Laponite is mildly condutive with ionic transport mainly governing 50 conductivity. 17, 18 This conductivity is enhanced with increasing salt and Laponite concentrations in solution. 16 Also, exchanging Na + with K + ions is known to enhance conductivity of Laponite. 17 Because we are dealing with thin film electrodes that are tested in 1M KCl solution we may 55 expect good conductivity of our films. Electronic conductivity of our laponite films on which double layer behavior relies is confirmed via electrochemical impedance spectroscopy (Fig.  ESI 9) . From the Nyquist impedance plot, the charge-transfer resistance of Laponite film was calculated to be 15Ω. This is 60 further proof of the high capacitive performance of the laponite films under investigation. Work is, however, in progress in order to gain more insight in the charge transport mechanisms of the Laponite films.
Based on the results presented above we can acertain the 65 suitability of Laponite thin films as electrode materials for energy storage applications. Via their structural self-assembly that yields a continuous network of mesopores Laponite films can be used as high-performance supercapacitors. Because film fabrication is from aqueous suspensions at ambient 70 atmosphere and curing temperatures are below 100°C the films are environmentally friendly. Further they can be deposited on electroded polymer sheets in a continuous process, thus allowing electrode coils to be fabricated, with promising potential for industrial up-scaling.
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A yet another, novel application of clay materials has been shown in the present work which should pave the way for the industrial application of clay materials as low-cost, green supercapacitor electrodes. Further studies should be devoted to natural clay materials that are abundant all over the globe 80 for sustainable resource management. 
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